ABSTRACT. We isolated and cultured erythroblastic islands (El) from the spleens of phlebotomized mice using a combination of collagenase digestion, unit gravity sedimentation, and Percoll density gradients separation. The isolated El were composed of surrounding erythroid cells and central stromal macrophages (M<fi), which were identified by Forssman antigen. While 60% of the erythroblasts incorporated bromodeoxyuridine, the M0did not. El could be maintained on a plastic dish for a short period in the presence of erythropoietin. Twohours later, the central M^spread well and bound to erythroblasts via cytoplasmic processes. One day later, erythropoietic activity on the M^surface continued, although their processes had retracted. Some El showed synchronized expansion of erythroblasts and others showed differentiation to reticulocytes. Twodays later, about 50%of the El still showed erythropoietic activity and most erythroblasts differentiated to the orthochromatic stage. On the other hand, the M<t>secreted colony-stimulating activity during the culture. It was infrequently observed that erythroid and myeloid populations simultaneously expanded on a central M<f>. These results indicate that this El culture system is useful for studying interactions between the stomal M0and hematopoietic cells.
Hematopoiesis involves interactive events between hematopoietic cells and stromal cells (1) . It has been postulated that the stromal cells participate in segregation of hematopoietic cells according to maturational stage and lineage by a variety of adhesive interactions with hematopoietic cells (8, 18) . Bone marrow-fixed macrophages (stromal M0) establish stroma by extending long cytoplasmic processes and attach developing erythroid and myeloid cells in a, collagenase-resistant fashion (5) . In long-term bone marrow culture by which hematopoietic stem cells are maintained, immature myeloid cells proliferate on the M0 defined by monoclonal antibody F4/80 (1) . The addition of erythropoietin (EPO) to the culture alternatively induces erythropoietic activity on the M0(7). These lines of evidence suggest that immature myeloid cells or erythropoietin-responsive erythroid precursors adhere to the M<£, where they proliferate and differentiate into mature cells under the control of the M^which are capable of secreting hematopoietic stimulating or inhibiting factors. However, the difficulty in enriching a sufficient number of hematopoietic tissue-fixed M0has hampered the study of the interactions between the M^and hematopoietic cells.
Mousesplenic red pulp stroma has also been recogTo whomcorrespondence should be addressed.
nized to regulate hematopoietic stem cell differentiation (21) Grand Island, NY), and minced in the mediumusing scissors. The fragments of two spleens were incubated in 15 ml 0.075% type 4 collagenase from Clostridium histolyticum (Sigma, St Louis, Mo) and 0.004% deoxyribonuclease 1 (DNase) (Sigma) in MEMfor 30min in a 37°C water bath with constant shaking. After passing the suspension through a syringe with an 18 gauge needle several times, a small amount of undigested white tissue was discarded. The suspension was washed, and resuspended in 7 ml MEMcontaining 0.004% DNase. This suspension was gently layered on 35 ml MEMcontaining 30% horse serum (GIBCO) in a 50ml plastic tube, Forty-five minutes later, aggregates sedimented on the bottom were collected, suspended in 20ml MEMcontaining 50% Percoll (prior adjusted to 300 mOs/kg, Pharmacia Fine Chemicals, Uppsala, Sweden), and gently layered on 10 ml of 100% Percoll in a glass centifuge tube. The column was spun at an average of 400g for 20min. Red aggregates (El fraction) enriched between the 50%Percoll column (density: 1064g /ml) and the 100% Percoll column (density: 1122 g/ml) were harvested by Pasteur pipette, suspended in MEM, and washed by centrifuging at 100 g for 5 min. This enriched El fraction was used for bromodeoxyuridine (BrdU) incorporation. After suspending the El fraction in MEMcontaining 10% fetal bovine serum (Hyclone Lab, Logan, UT, lot 111826), 150//1 of the suspension (1.0-3.0x 107 cells/ml) was placed on a 35-mmplastic dish (no. 3001, Falcon, Oxnard, CA) or glass coverslip in 12-well dishes (Sumitomo Bakelite, Osaka). They were then incubated at 37°C in an atmosphere of 5% CO2in air. Ninety minutes later, the mediumwas decanted and loosely bound cells were removed by direct flushing with MEM.
This treatment revealed El on the surface. The El were cultivated with alpha MEMcontaining 30% FBS, 5 x 10~5 mol/L mercaptoethanol (Sigma), and indicated concentration of recombinant erythropoietin (EPO) (EPOCH®, Chugai Phamacuitical Ltd. , Tokyo). Morphological and immunocytochemical studies were performed 1, 2 and 3 days after beginning of the culture. Scoring ofEL The large and well-spread macrophages attaching 4 or more erythroblasts which showed a positive benzidine reaction were scored as El.
Antibodies.
Anti-Forssman glycosphingolipid (GSL) serum was obtained by the immunization of a white rabbits as previously described (15). Rat Ig G monoclonal antibody F4/80 (2) was obtained from Dr. S. Gordon, University of Oxford, U.K. Rat IgG monoclonal antibody against Mac-1 antigen (Ml/70) (17) and rat IgG monoclonal antibody against la Immunoperoxidasestaining. Cytocentrifuge and cell-culture preparations were air-dried and fixed in acetone for 5 min at room temperature or in 2% paraformaldehyde for 60 min.
Preparations were then stained with anti-Forssman serum using an indirect immunoperoxidase method and with F4/80, Ml/70, M5/114 or anti-BrdU monoclonal antibody using an avidin-biotin-peroxidase complex (ABC) method (15).
Electron microscopy (EM). The culture samples were fixed with 2% paraformaldehyde and 1% glutaraldehyde in 0.1 mol/L phosphate buffer for 60 min at room temperature. For transmission EMstudies, samples were post-fixed with \% osmium tetroxide, dehydrated in ethanol, and embedded in epon. Ultrathin sections were stained with uranyl acetate and lead citrate and examined with a JEOL JEM-100CX. For scanning EM studies, the fixed samples were dehydrated, critical-point dried, coated with panadium-platinum, and examind with a HITACHI scanning EM S-570.
Cytochemistry.
Cytocentrifuge preparations or cell-culture preparations were stained for acid phosphatase (ACPase) with naphthol AS-BI phosphate as a substrate, for nonspecific esterase with alpha-naphthyl butyrate, and for granulocyte esterase with naphthol AS-D chloroacetate.
Simultaneous detection of BrdU incorporation and ACPase activity. The isolated El were pulsed for 30min at 37°C with 10//g/mL BrdU. After washing in MEM,clusters were suspended in MEMcontaining 10%FBS and cytocentrifuged. They were then fixed in acetone and ACPase activity was detected as described previously. After washing with distilled water, they were treated with hydrochloric acid, neutralized with sodium tetraborate, and stained for incorporated BrdU using the ABCmethod. Preparation of conditioned-medium (CM). The medium conditioned by spleen cells stimulated by pokeweed mitogen (PWM-SPCM) was prepared according to the previous report (10) . The M(f> CMwas prepared as follows. After the El fraction isolated from two spleens was atttached on two 35 mm manyEl of various sizes. Percoll density gradients served to separate these El from lower density cells, including myelomonocytic cells and lymphocytes. As shown in Table I , these procedures resulted in about a twenty fold enrichment of the El content. The final El fraction obtained from the spleen of a bled C3Hmouse, contained 90% erythroid cells and 3.4% M0 as denned by May-Giemsastaining. Characterization ofEL Simultaneous identification of ACPase activity and BrdUincorporation of isolated El was performed to examine whether the stromal Mŵ ere replicating. None of the M0incorporated BrdU, whereas 60% of surrounding cells did (data not shown). Undera phase contrast microscopeafter 2 hours culture of the El fraction on the plastic surface, manyEl were observed to comprise of underlaying large, flattened M0 and overlaying cells (Fig. 1A) . Scanning electron microscopy of El in culture revealed well-spread M0em-bracing manyerythroblasts within their membranous processes (Fig. IB, 1C) . Transmission electron microscopy clearly showed evidence of this close interaction between M<f> processes and overlaying erythroblasts (Fig.   ID) .
Monocytes or immature granulocytes were sometimes attached to the M<f>. However, M0processes
did not circumscribe these types of cells. The erythroblasts were released from the M^in the Ca2+,Mg2+-free
Hanks' solution, so that M0 comprised 85% of adherent cells (Fig. 2A) . The addition of 0. (Fig. 2B) . Functionally, the M0 vividly phagocytized latex particles. (5, 6). Short-term culture of El in the presence of erythropoietin (EPO). In this study, we used the El isolated from the mice which were bled four days then one day before killing. Whenthey were cultured in the presence of human recombinant EPO, the El remained on the M<fi surface for a short period although the M0 retracted their cytoplasmic processes (Fig. 3A) . In the absence of EPO, erythropoietic activity completely disappeared within 24 hours (Fig. 3B) . Table III shows the relationship between EPOconcentration and stimulation of the erythropoietic activity on the M<ftsurface. Considering these results, we performed this culture in 30% FBS and 2unit/ml EPO for morphological studies.
One day later under these conditions, erythropoietic activity on the M^persisted at different stages among EL Some El showed synchronous expansion of erythroblasts at the center of M^surface. At the periphery, Elwas 93% onday 1 and 87% onday2. AfewM^bind-ing erythroblasts were negative for Forssmanantigen. As described earlier, myeloid cells were found in some isolated EL On day2 of El culture, immunolabeling for Forssmanantigen also revealed a cluster of immature granuloid cells on Forssman+ M(fi (Fig. 4A) . It was infrequently observed that erythroid and myeloid cells simultaneously expanded on a central M0 (Fig. 4B,   4C ).
Detection of colony-stimulating activity (CSA). We examined CSAin the supernatant from 24 hours culture of enriched stromal M<pfraction which received 10 Gy or no radiation. Irradiation prevented the proliferation of a small numberof contaminated cells. As shown in Table IV , both irradiated and non-irradiated stromal M^secreted CSA. Most colonies consisted of M<j>.
DISCUSSION
In the present studying using El culture, we clearly showed that erythroid and myeloid cells attach to and develop on splenic red pulp Forssman+ M<fi in the pres- 
